Introduction {#sec1-1}
============

Ovarian cancer is associated with poor survival, because patients are diagnosed at an advanced stage of the disease, and in addition, tumors develop chemoresistance, which carries a poor prognosis for the patient (Eltabbakh & Awtrey, 2001). Because of its insidious growth it commonly remains asymptomatic for long periods of time and finally presents with signs and symptoms related to the presence of locally advanced or even metastatic disease. As a consequence, the majority of these patients are diagnosed when treatment options are limited, and the overall 5-year survival rates do not exceed 30% (FIGO (International Federation of Gynecology and Obstetrics), 2003; Richardon et al, 1985).

Stromal-derived factor-1 (SDF1; also called CXCL12), a chemokine originally isolated from bone marrow stromal cells, is constitutively expressed in several tissues (Sun et al., 2011; Teicher and Fricker, 2010). SDF1 is the only known natural ligand of chemokine CXC motif receptor 4 (CXCR4), which is expressed by numerous cell types, including leukocytes, and endothelial, epithelial, smooth muscle and cancer cells (Sun et al., 2011; Teicher and Fricker, 2010). SDF-1 exerts its activity by interacting with the CXCR4 receptor and leads to cancer cell migration, invasion and proliferation (Schrader et al, 2002).

Survivin is a newly discovered member of the inhibitors of the apoptosis (IAP) family, with a potential involvement in malignant transformation and tumor growth. Survivin is expressed during fetal development but not in normal adult tissues (Ambrosini et al, 1997). High expression levels of this antiapoptotic protein have been previously found in epithelial carcinomas located in the gastrointestinal tract (Kawasaki et al, 1998; Sarela et al, 2000), breast (Tanaka et al, 2000), lung (Monzo et al, 1999), and ovary (Sui et al, 2002; Takai et al, 2002), and associated with increased biological aggressiveness, elevated proliferative activity, and several unfavorable prognostic parameters, such as increased stage or reduced survival.

Smac, also known as direct inhibitor of apoptosis binding protein with low isoelectric point (DIABLO), is a mithochondrial protein containing an NHterminal SS-amino-acid mitochondrial import sequence, released from mitochondria into the cytosol in response to apoptotic stimuli (Du et al, 2000; Verhagen et al, 2000). Once released into the cytosol, Smac interacts with IAPs at the level of the BIR domains via an NH2-terminal motif, thereby eliminating the inhibitory effects of IAPs on caspase-3, caspase-7 and caspase-9 (Verhagen et al, 2000; Sun et al, 2016). The interaction of Smac with IAPs results in a rapid ubiquitination and subsequent degradation of released Smac, mediated by the ubiquitin--protein ligase function of some IAPs (MacFarlane et al, 2002). Mitochondrial Smac release is suppressed by Bcl-2 and Bcl-XL (Vyas et al, 2004).

In this study, we investigate whether the expression of SDF-1, survivin, and smac correlate with clinical characteristics and cancer-specific survival of patients.

Materials and methods {#sec1-2}
=====================

Samples {#sec2-1}
-------

A total of 125 paraffin-embedded tissue samples were collected from the archives of the Department of Pathology, Shantou University, between February 2013 and October 2014. The tissue samples consist of 60 EOC tissues, 40 benign tumor tissues (BT) and 25 normal ovaries tissues (NO) ([Table 1](#T1){ref-type="table"}). Fresh surgical specimens were collected between May 2013 and December 2014, snap-frozen in liquid nitrogen immediately after resection, and were stored at -80 °C for immunohistochemistry analysis. The clinical and pathological characteristics of these patients are described in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The patients were staged according to the International Federation of Gynecology and Obstetrics (FIGO). All tissue blocks were reviewed for histological type and graded by two senior pathologists, stained with hematoxylin--eosin. The study protocols have been approved by the local Ethics Committee. Prior informed consent was obtained from the patients according to the Declaration of Helsinki.

###### 

SDF-1, survivin and smac positive expression in ovarian tissues

  Group         n    SDF-1 positive expression   survivin positive expression   smac positive expression                                             
  ------------- ---- --------------------------- ------------------------------ -------------------------- ----- ---- ---- ---- ----- ---- ---- ---- -----
                     \-                          \+                             ++                         +++   \-   \+   ++   +++   \-   \+   ++   +++
  NO tissues    25   24                          1                              0                          0     25   0    0    0     0    6    12   7
  BT tissues    40   33                          6                              1                          0     28   6    4    2     1    13   10   16
  EOC tissues   60   0                           32                             15                         13    0    24   16   20    0    28   15   17

###### 

Clinicopathologic parameters in 60 patients with EOC according to SDF-1, survivin and smac positive expression

  clinicopathological characteristics   n    SDF-1 positive expression   χ^2^   ^p^     survivin positive expression   χ^2^   ^p^   smac positive expression   χ^2^    ^p^                 
  ------------------------------------- ---- --------------------------- ------ ------- ------------------------------ ------ ----- -------------------------- ------- ----- ---- -------- -------
  histological grade                                                                                                                                                                       
  Middle, low                           39   20                          20     0.536   0.464                          2      20    12.609                     0.000   18    5    14.958   0.000
  High                                  21   12                          8      22      18                             10     27                                                           
  FIGO stage                                                                                                                                                                               
  I-II                                  37   23                          17     0.837   0.360                          18     6     20.417                     0.000   16    6    9.479    0.002
  III-IV                                23   9                           11     6       30                             12     26                                                           
  lymph node metastasis                                                                                                                                                                    
  Yes                                   45   16                          22     5.249   0.022                          15     31    4.488                      0.034   16    28   7.037    0.008
  No                                    15   16                          6      9       5                              12     4                                                            
  Ascites                                                                                                                                                                                  
  Yes                                   38   19                          24     5.102   0.024                          10     33    17.729                     0.000   19    29   4.838    0.028
  No                                    22   13                          4      14      3                              9      3                                                            

Immunohistochemistry {#sec2-2}
--------------------

Sections of formalin-embedded tissues (4 μm) were deparaffinized in xylene and washed in graded ethanol. For antigen retrieval, samples were immersed in Tris--EDTA buffer and incubated at 125 °C for 2 min 30 s. Endogenous peroxidase activity was quenched with 3% hydrogen peroxide for 10 min. Samples were incubated with primary antibody for 1 h at room temperature. The following primary antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA): rabbit monoclonal antibody SDF-1 (1:25 dilution), rabbit monoclonal antibody survivin (1:100 dilution) and mouse monoclonal antibody smac (1:100 dilution). Samples were treated with Envision-plus reagent (Dako, Glostrup, Denmark) for 30 min and diaminobenzidine as a chromogen for 5 min followed by counterstaining with hematoxylin. Prostate adenocarcinoma tissues served as the positive control.

Staining was evaluated by a specialized pathologist who was unaware of the patient's clinical features. For quantitative analysis, both the percentage of stained cells and intensity were assessed in 10 high-power fields, as described previously (Rojo et al, 2007). If tumor cells were stained more than 1%, the case was considered as the positive. For the analysis of the correlation between biomarkers, immunohistochemical score was calculated by multiplying the intensity score (0 to 3) and fraction score (0 to 100). Immunohistochemical findings were correlated with clinicopathological characteristics such as stage, histologic grade, lymph node metastasis, and ascites.

Statistical methods {#sec2-3}
-------------------

Statistical analyses were performed using the SPSS 15.0 statistical software package. Correlations between SDF-1, surviving and smac expression and the clinicopathologic parameters were evaluated by χ^2^ test. Correlations between various factors were assessed by Spearman rank correlations. The criterion for inclusion of a variable was *p* \< 0.05 in the univariate analysis and for removing a variable *p* \> 0.05 in the multivariate analysis.

Results {#sec1-4}
=======

We performed immunohistochemical staining to analyze the expression of SDF-1, survivin and smac in 25 normal ovaries, 40 benign tumors, and 60 EOC. Representative samples of SDF-1, survivin and smac staining are displayed in [Table 1](#T1){ref-type="table"}. SDF-1, survivin and smac positive staining predominantly showed cytoplasmic and membrane localization, and EOC specimens were strongly positive for SDF-1, and survivin expression. In contrast, SDF-1, and survivin immunoreactivity was negatively or weakly observed in the normal and benign tumors.

Differences in proportions were evaluated by χ^2^ or Fisher's test, whichever is appropriate. The SPSS statistical software system for Windows (Statistical Package for Social Sciences, version 10.0, Chicago, IL, USA) was used for the statistical analysis. *P* \< 0.05 was considered to be statistically significant.

As indicated in [Table 2](#T2){ref-type="table"}, SDF-1 expressions were significantly more weaker in advanced ovarian carcinomas (FIGO stage III-IV), and in high-grade carcinomas. FIGO stage and histological grade were not associated with SDF-1 staining (*P* \> 0.05). In contrast, SDF-1 expressions were significantly stronger in EOC patients with lymph node metastasis and with ascites. There was a positive correlation between EOC patients with lymph node metastasis and with ascites and SDF-1 positivity *(P* \< 0.05).

Survivin expressions were significantly more stronger in advanced ovarian carcinomas (FIGO stage III--IV), and in high-grade carcinomas. FIGO stage and histological grade were positively associated with surviving positivity *(P* \< 0.05). In addition, survivin expressions were significantly stronger in EOC patients with lymph node metastasis and with ascites. There was a positive correlation between EOC patients with lymph node metastasis and with ascites and surviving positivity *(P* \< 0.05, [Table 2](#T2){ref-type="table"}).

Smac expressions were significantly more stronger in advanced ovarian carcinomas (FIGO stage III--IV), and in high-grade carcinomas. FIGO stage and histological grade were positively associated with smac positivity *(P* \< 0.05). In addition, smac expressions were significantly stronger in EOC patients with lymph node metastasis and with ascites. There was a positive correlation between EOC patients with lymph node metastasis and with ascites and smac positivity *(P* \< 0.05, [Table 2](#T2){ref-type="table"}).

Discussion {#sec1-5}
==========

The purpose of the present study was to investigate the prognostic significance of SDF-1, survivin and smac expression in EOC patients, and to correlate the pattern of expression with clinicopathological parameters.

SDF-1 has been shown to be expressed constitutively by a wide variety of tissues (Tashiro et al, 1993; Shirozu et al, 1995; Yang et al, 2015). Moreover, Arai et al. have shown that stromal cells, not lymphocytes, in lymph nodes expressed SDF-1 and attracted B-lymphoma cells (Arai et al, 2000). In different carcinomas increased SDF-1 expression is associated with metastasis and poor survival or with improved survival (Lee et al, 2012; Schrevel et al, 2012; Zhao et al, 2011; Razis et al, 2012; Kurtuncu et al, 2016). There may be such contradictory observations because in these studies SDF-1 expression was detected by immunohistochemistry and, thus, they did not distinguish which SDF-1 isoform was responsible for the observed higher SDF-1 protein expression. SDF-1 expression in cancer is also epigenetically regulated by promoter methylation and SDF-1 gene polymorphism probably increases SDF-1 expression (Zhi et al, 2012; de Oliveira et al, 2011). Our current study shows that SDF-1 positive expression in EOC patients was significantly stronger than one in patients with benign tumors and healthy people.

Survivin expression in cancer has been the subject of intense research due to its widely recognized anti-apoptotic properties and attractive potential as a therapeutic target. This anti-apoptotic gene is predominantly expressed in cancer and considered to be a prognostic factor for various cancers (Sarela et al, 2000; Islam et al, 2000). Survivin expression in diverse tumor tissues has been linked with shorter overall and disease-free survival (Ibrahim et al, 2012; Huang et al, 2011; Antonacopoulou et al, 2010; Wagner et al, 2006; Span et al, 2006). The subcellular location of Survivin has been shown to have an important influence on tumor biology. Survivin has been found in the mitochondria of cancer cells (Dohi et al, 2004; Ling et al, 2007), but not of normal tissues suggesting that this subcellular compartmentalization has a role in tumor pathogenesis (Jha et al, 2012). The subcellular distribution of survivin seems to be altered during growth and progression of ovarian carcinoma under the influence of yet unknown molecular mechanisms. However, the exact prognostic and clinical implications of the immunohistochemical localization (nuclear or cytoplasmic) of survivin in ovarian carcinoma remain controversial. Tringler et al. (2004) found that nuclear localization of survivin was more common in benign or borderline than in malignant serous tumors, and more intense in low-grade versus high-grade malignant tumors. In contrast to these findings, Yoshida et al. (2001) gave evidence that the disease-free interval in ovarian carcinoma patients was significantly shorter when survivin expression was observed in the nucleus compared to the cytoplasm. In our study, we found that survivin positive expression in EOC patients was significantly stronger than one in patients with benign tumors and healthy people.

Smac (also known as DIABLO: direct IAP binding protein with low PI), was initially discovered independently by two groups in 2000 (Du et al, 2000; Verhagen et al, 2000). The human gene is located on chromosome 12p and is composed of seven exons. The 1.5 kb cDNA of Smac encodes 239 amino acids, producing a protein of 27 kDa. The first 55 amino acids constitute a mitochondrial targeting signal peptide and are cleaved after import into the mitochondria to generate mature Smac. Because Smac levels could determine the sensitivity of cancer cells to apoptosis, the expression levels of Smac could be useful as a prognostic or therapeutic marker. Tumor cells usually exhibit low Smac levels and resistance to apoptosis, so Smac expression is inversely correlated with sensitivity to apoptosis. Previous studies based on the enforced expression of Smac/DIABLO in tumor cells using retroviral vectors have provided variable results showing either caspase activation and in some ovarian cancer cell lines induction of apoptosis (McNeish et al, 2003; McNeish et al, 2005) or no effect on caspase activation and no induction of apoptosis in neuroblastoma cells (Fulda et al, 2002). Furthermore, Smac peptides added alone failed to induce apoptosis of neuroblastoma (Fulda et al, 2002), glioblastoma (Fulda et al, 2002; Mizukawa et al, 2006) and leukemic (Guo et al, 2002) cells, but greatly sensitize these cells to the proapoptotic effects of TRAIL. Our current study shows that smac positive expression in EOC patients was significantly stronger than one in patients with benign tumors and healthy people.

In our current study, SDF-1, surviving and smac expressions are strong in EOC patients, indicating that SDF-1, surviving and smac are closely associated with EOC development. In addition statistical analysis shows that FIGO stage and histological grade were not associated with SDF-1 staining *(P* \> 0.05). However, FIGO stage and histological grade were positively associated with surviving and smac staining *(P* \> 0.05). There was a positive correlation between EOC patients with lymph node metastasis and with ascites and SDF-1, surviving or smac positivity (*P* \< 0.05). These results indicate that surviving and smac are correlated with clinical stage and lymph node metastasis of EOC patients.
